Abstract Jet-loop type reactors developed in our group have been successfully used for biological treatment of winery and olive oil wastewaters. The objective of the present work was to study the influence of the reactor hydrodynamics, causing high shear stress applied on the nozzle and its influence on the composition of the microbial population. Winery and olive oil industry effluents were treated and analysed. Microbial consortia were enriched and selected under different bio-treatment conditions of the effluents. In the case of the winery wastewaters, the isolates identified belong to the genera of Pseudomonas and Bacillus. Saccharomyces cerevisiae was also present in the consortia but no filamentous fungi were detected. In the case of the olive oil wastewaters, Bacillus megaterium 2 was the predominant microorganism. It was not detected any type of fungi.
Introduction
Wine and olive oil production are two of the most highly represented agro-industries in Mediterranean countries and their importance has also extended to a large number of countries in other parts of the world (e.g. Australia, Chile, United States and South Africa). Both industries produce large volumes of effluents with high organic contents, polyphenol compounds and acidic pH. Due to the high organic load of these effluents, they have to be treated before discharge into the natural aquatic media or into urban sewage treatment plants.
Several pretreatment techniques have been worked out to reduce the impact of discharge on municipal plants or on the receiving water bodies by using microorganisms and chemical or physicochemical methods.
The use of vertical compact reactors is an interesting alternative to the classical activated sludge tanks. Jet-loop reactors (JLR) were an interesting alternative since they have higher oxygen transfer rates at lower energy costs. Consequently, reduced reactor volumes are needed for treatment, and reduce areas of land required, oxygen (air) is forced directly into the fermentation medium resulting in significant savings in installation and maintenance costs (Bloor et al., 1995) .
A new type of jet-loop reactor (JACTO) was developed and scaled-up in our group . It was used for biological treatment of winery wastewaters, with more than 20 g COD/l.day removal and 80% COD conversion. A clear influence of mean cell residence time on substrate removal and on the physiological state of the microorganisms in the bioreactor was found. Identification of the microbial consortium revealed that the predominant isolates belong to the genera Bacillus and Pseudomonas during the early stages of the bio-treatment and also the occurrence of Saccharomyces cerevisiae, later in the experiment. The absence of filamentous fungi and of larger bacteria species, as well as the lack of flocculation (Petruccioli et al., 2002) as a consequence of the selective pressure on the consortium composition induced by the hydraulic shear stress applied on the Venturi nozzle.
In this work we compare the microbial population selected at different hydraulic regimens on the treatment of winery and olive oil wastewaters, in a lab jet reactor. Microbial consortia enriched and selected at different steady states were analysed and the microorganisms in the samples were characterised in order to access the composition of microbial communities. 
Methods

Bioreactor operation and control
Winery and olive oil wastewater bio-treatments were carried out in a 25 dm 3 -JACTO bioreactor. Several hydraulic retention times and related loading charges were tested for both effluent bio-treatments as shown in Table 1 . Winery wastewater was collected in different seasons (with an organic charge that ranged between 5.2 and 27.2 g COD/l) and hydraulic retention time (HRT) was tested between 11.5 and 1.4 days. Olive oil wastewater was collected in the period of maximum olive oil production (with an effluent organic charge that ranged between 29.4 and 45.5 g COD/l) and hydraulic retention time (HRT) was tested between 12.0 and 3.0 days. The JACTO reactor was operated continuously for 360 days, in the case of winery effluent, and for 150 days in the case of olive oil wastewater.
Analytical methods
Analyses such as chemical oxygen demand (COD), total suspended solids (TSS) and volatile suspended solids (VSS) were carried out according to Standard Methods for the Examination of Water and Wastewater (1998). Phenol content was determined using the Folin index method as follows: Folin-Ciocalteu reagent at 1 : 10 (5 ml) and sodium carbonate (7.5%-w/v, 8 ml) were added to diluted (1 : 50) crude OOWW sample (2 ml). The volume was made up to Loading charge (g COD/l.day) 0.5 0.9 1.6 4.6 8.0 16.0 19.4 4.2 2.4 3.8 7.2 11.7 12.7 13.6 14.1 100 ml and kept for 30 min. Determination was made at 700 nm against blank (distilled water). Folin index=A 700 nm r1000.
Microbial count and identification
Cell counts were performed using a Neubauer chamber under phase contrast microscopy (Olympus). Samples of mixed liquid were collected from the bioreactor after 180 days and after 360 days of winery effluent treatment and after 49 and 150 days of olive oil effluent treatment. Heterotrophic plate counts and isolation of bacteria and fungi were carried out on plate count agar and Rose-Bengal chloramphenicol agar base (at 37 C). Identification of the isolates, mostly at genus level, was performed on the basis of cell and colonial morphology, Gram staining, motility, presence of endospores, catalase and oxidase tests, as well as the following API tests (Bio-Merieux, Rome, Italy): API 10S, API 20NE, API 20E and API CORYNE for bacteria and API 20C AUX for yeasts and yeast-like fungi.
Results and discussion
Biomass formation during winery effluent bio-treatment
The JACTO bioreactor was operated continuously for more than one year. Effluent feeding flow rate was continuously increased and subjected to stationary steady state regimens with increasing dilution rates, to obtain the maximum efficiency conditions of the system. Biomass measurements (cell counts and VSS) were made for each steady state. The experiment was performed using winery wastewaters collected in different seasons (with an organic charge that ranged between 5.2 and 27.2 g COD/l) and a hydraulic retention time (HRT) between 11.5 and 1.4 days. The variation of biomass during the reactor operation is shown in Figure 1 . Figure 1 shows that biomass formation is dependent on the loading polluting charge of the winery effluent. During the bio-treatment process, VSS content increased with decreasing HRT, reaching a maximal value of about 6.0 g/l at a loading charge of 19.4 g COD/l.day and a HRT of 1.4 days. A significant COD removal efficiency (80-90%) was obtained at these conditions . Values of 2.0r10 9 cell/ml measured at the start-up increased significantly during bio-treatment in the reactor, reaching values of 40.0r10 9 cell/ml after 160 days of continuous process. The biomass was found to be mainly constituted by short spheres and short rods.
Biomass formation during olive oil effluent bio-treatment
The JACTO bioreactor was operated continuously for 150 days in order to optimise its efficiency and to verify the behaviour of the biomass in response to the variation of effluent feeding flow rate. This experiment was performed using effluent collected in the period of maximum olive oil production (with an effluent organic charge that ranged between 29.4 and 45.5 g COD/l) and a hydraulic retention time (HRT) between 12.0 and 3.0 days. The variation of biomass with time for the 150 days of bioreactor operation is shown in Figure 2 . Figure 2 shows that biomass concentration is dependent on variations of the loading polluting charge of the olive oil effluent as was observed with the winery effluent. During the bio-treatment process, VSS content reached a maximal value of about 3.5 g/l at a loading charge of 13.6 g COD/l.day. The COD removal efficiency obtained under these conditions was about 70% (Eusébio et al., in preparation) . The VSS value obtained for this effluent at the highest loading rates is lower than the VSS obtained for winery effluent determined under similar conditions during the bio-treatment. This is related to the different effluent composition and in particular to the higher recalcitrant COD of the incoming effluent for the OOWW, since the VSS values for unit COD destroyed is practically the same (see Table 2 ). As in the case of winery effluent bio-treatment, short spheres and short rods mainly constituted the biomass found.
Microbial evaluation
Effluent samples for isolation and characterisation of the microflora were collected during continuous functioning of the JACTO bioreactor. Table 3 shows the results of the identification tests performed at middle and at final stages of the bio-treatment: on days 180 and 360 for winery effluent bio-treatment, and on days 49 and 150 for olive oil effluent bio-treatment. The predominant species found during winery effluent bio-treatment belonged to the genus Pseudomonas and, particularly, Bacillus. As for fungi, the physical and chemical constraints of the bio-treatment operation originate a microenvironment that is also favourable to Saccharomyces cerevisiae strains (typically present on winery wastewaters). No filamentous fungi were identified inside the bioreactor. The survival ability of the predominant genera Bacillus and Pseudomonas cannot be explained only by their metabolic versatility. Their presence after one-year of reactor operation, could be an indication of a good shear stress resistance of these genera, a convenient characteristic that will be further investigated.
During the bio-treatments the pH ranged between 5-9 in the case of winery effluent and 6-8 in the case of olive oil effluent. These pH values were achieved without correction and they provide favourable conditions for growth and microbial activity (e.g. degradability) for both Bacillus and Pseudomonas. As previously observed (Petruccioli et al., 2000; Petruccioli et al., 2002) , Bacillus and Pseudomonas were also the most common genera of microorganisms found during winery wastewater bio-treatment, which suggests their importance in this efficient microbial consortium.
As in the case of winery effluent, it was not detected any type of filamentous fungi during olive oil wastewater bio-treatment. Bacillus megaterium 2 was the predominant microorganism found and Stenotrophomonas maltophilia (previously named Pseudomonas maltophilia) was also initially isolated. The presence of this microorganism could be associated with the polyphenol biodegradation. Lee et al. (2002) described phenols degradation activity of S. maltophilia at a broad pH range from 5 to 8, the same conditions verified inside the JACTO bioreactor. 
